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ABSTRACT 


An investigation is made of possible invenvory seontrol 
policies for Navy supply system SERVMARTS (Self Service 
Retail Stores). Three mathematical models of the system 
are developed and a comparison of the solutions of these 
models with three current inventory control methods as 
eepmi1edad Co SERVMART demand data is presented. Based on 
Mees COMparison, a stochastic, lost sales model is 
recommended and FASRSEEROR for its implementation are 


discussed. 
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I. INTRODUCTION 


The object of this thesis is to develop an appropriate 
mercy for inventory control in the operation of U.S. Navy 
SERVMARTS (Retail Self Service Stores). In keeping with 
m@e Samplitied supply and accounting operations for SERVMARIS, 
the inventory control policy should be relatively simple, 
understandable, and above all implementable. 

Although the profit-seeking motives of private enterprise 
are lacking, the operation of a SERVMART store is in many 
ways similar to the operation of a supermarket. Items 
GComrred by a SERVMART are displayed on -shelves or bins for 
Seewemer selection, and all transacticns with customers are 
conducted on a money-value basis rather than on a line-item- 
quantity-of-issue basis associated with usual requisitioning 
procedures in the Navy supply system. Line item stock 
feeords at SERVMARTS are non-existent except for a relatively 
Bev, opecifically designated items; however, accountability 
'S Maintained through financial inventory records. The 
stores _ established by Naval Supply Centers (NSC's) in 
close proximity to their customers in order to provide 
eeenmomical and expeditious supply seer in items commonly 
used by those customers. The Naval Supply Systems Command 
(NAVSUP) prescribes the following criteria for SERVMART 
items [Ref. 1]: 

(1) Unit price of less than $250.00. 


(2) Average demand of at least two units per month 





over a twelve month period. 

(3) Though individual stock levels may be flexible, 

the total average on hang 2nVvenvory sa csumen: 
vadme is limited to 30edays of stoke 

(4) No insurance, repairable, critical, or classified 

eS) - 
Pemcan be seen by the above criteria, the items carried are 
Ome relatively high demand and a relatively low unit cost. 

The following information is provided to give some idea 
of the volume and range of business conamieaaa at the SERV- 
MARTS of a parent NSC. Approximately 18,000 line items are 
Suomrlbuved by NSC San Diego To its twelve SERVMARTS. These 
stores account for about 29% of the dollar sales of Navy 
Stock Account (NSA) materials and about 62% of the line item 
issues made at NSC San Diego [Ref. 2]. 

To meet the NAVSUP criterion (3) above, some SERVMART 
managers use the simple inventory control policy of main- 
moet an average of 30 days stock for each item held in 
Mevenvery. Obviously, such a policy leaves room for improv - 
ment, for demand rates ane UnateCOSeS Cahier sions team ty 
emome the items even though military worth or essentiality 
Can be sormidenad the same for all SERVMART items. In 
view of the characteristics of SERVMART inventories, the 
methods of scientific inventory control can be applied while 
maintaining the simplicity of a supermarket-type operation. 

meevion ilsot this thesis considers Various assumperonc 
about the SERVMART system and lists notation of parameters 


and variables used throughout the paper. In Section IIi 


\JT 





iMeneee models, considered applicable Vo .Umewcyccen, ane 
geveloped and discussed, while the detarled derivations 

of these models are shown in Appendix A. The results of 
applying these models to data from three of the twelve 
SERVMARTS established by NSC San Diego are analyzed in 
section IV. A summary of these results for selected items 
are recorded in Appendix B. A lost sale (Q,r) model is 
recommended for implementation in Section V and a FORTRAN 
program for this model is included as Appendix C. Also 


memoecti1on V, the criteria for stocking items is discussed. 





the 


il. DESCRIBING SIHE SyYoTkM 


MAJOR ASSUMPTIONS 


From the type of SERVMART operations usually encountered, 


following assumptions can be made: 


(1) 


(2) 


ce ) 


—) 


(5) 


Procurement leadtime for supply is known and is 

the same for-alil items at a2 SERVMART, since the 
source of resupply is either the parent NS@ or a 
lecals DisimMecss.wagare: Maintains reservemsuocma mo 
fill both the SERVMART requirements and the demands 
of other activities who do not deal at the SERVMART 
SiPOmes . 


The unit cost of an item is independent of the 
Guantity ordered. Unit costs for items carried in 
the Navy supply system are constant regardless of 
The GQuentruweormdcred. and NSU °cenuraccs and purchase 
agreements with Jocal businesses for items not 
carried in the supply system are usually for a 
specified unit price. 


[he COStmen  OlceCineeanmoraer [orm eresnoely  vcermec 
same for all items in a SERVMART. The procedures 
TnNVOd VeCeaneiceereecr sare Jaimest taemsame for sag 
1bems, Udauets, ViSUal Anspeccicom Om a binvor 
shelit and preparation of 4 requisition documenv. 


The inventory carrying charge is the same for all 
items. Handling and storage requirements do not 
ditter Sie pveantlyeanens Mesto che 1Temss 
Though some items may be more susceptible to 
pilferage or breakage, such additional carrying 
CWaeee ts dlitveule vO eVvaluave ana “Ss cols sacred 
BO! ois eed ehuuliie ly allisi jesoul lateral. 


Demands for items which occur when a SERVMART is 
out of stock result in lost saies. Since the cus- 
tomer may obtain the items directly trom the parent 
NSC, unfilled demands are not backordered at the 
DERVMART ee Uneven Ciewewa< > Cocum@l sommeOave sa le 

may be difficult to derive, it may be approximated 
by the difference between the cose of issuing “an 
ivem at @ SERVMART end the cost Of Wssuing thay 
item at the parent NSC. Since this approximation 
should be nearly the same ror all SERVMART items, 
with the possible exception of large or bulky items, 
itearceascumed that whe Cost cf lost Sales is ure 
same for all items. 





(6) 
(7) 
(8) 


cD, 


Items de Nets beceme sObscolLere. 
ESSECnNtCTaAlley Or eee venms 45 Pores sanice. 


Procurement eleadtamesis SO ShOrl yy harpeouemMore Lina 
oOne™= order 1S OUuUStTandime ota Cine ioumany 102m 


Since the SERVMART manager is aware of the trans-— 
actions taking place at his SERVMART on a daily 
basis, if only 0y Visual ieee cvion Ol simce eins 
and shelves, the inventory system is assumed to 
be a continuous review system. 


B. PARAMETERS AND VARIABLES 


Tmroughout this paper the following notation will be 


used: 


TL 


T 


the expected annual demand for item i 
CHemuMIG COSG Of ye Mpa:: 
PiewOraer Qualveary for si vem 1 


INS Ivo lee (Siem ee Nee abelenn ak, Velen elec ict vers! 
fromm om Mand stock 


the order cost of any item 
the inventory carrying charge of any item 
VAC prOCuUreme ny aero liom ol may asic mn 


GHEe COs Cl a LTOSt Sale 


Hy =(TL) (A, ) the mean Jeadtime demand for item 1 


7; 


N 


a random variable representing demands 
during a leadtime for item i 


Che wumper Of 1 GCiSmela ca a or@uNioi (eel Ven Tc Olay 


the budget constraint on the aggregate 
inventory investment equal to the value of 
an average of 30 days stock in each item 
as@=eevermimnece nyse eS Cilemme=erme recem es 
past 





tii DEVELOPMENT OR Sepals 


Pepractical meuned Of SOlVing Anvenvory cOmure epic ome ma 
memes nature is to develop a reorder point—reorder quantity 
meraey from a mathematical model formulated to minimize The 
Bepeccted value of overating costs subject to certain con- 
straints. The constraints frequently encountered in mili- 
tary inventory systems are those associated with (1) a 
dollar investment in inventory and (2) workload (the number 
meee supply actions or orders to be handled in some period 
of time). In almost all businesses which hold inventories, 
em@ere 1S some limit to the. amount of money available for 
investment in inventory. The SERVMART operation is no 
exception as NAVSUP criterion (3) specifies. However, the 
second type of constraint appears to be less applicable to 
the SERVMART operation. 

An inventory control policy which stocks an average of 
30 days of stock for each item is creating an unnecessarily 
Pmee Number of resupply actions which could impose workload 
problems on the parent NSC. However, almost any sort of 
economic order policy constrained by a dollar vaiue of inven- 
tory investment, whether or not constrained by the number of 
memo ly orders permitted, will result in a Significant re- 
Gmecion of resupply actions. Placing’ a specific constraint 
on the number of SERVMART resupply orders presupposes: (1) 


there is a maximum number of orders from all customers 





which can be handled effectively by the parent NSC and 

(2) without a restriction on the number of SERVMART orders, 
more than a "fair share" of the NSC capabilities will be 
devoted to filling the SERVMART orders at the expense of 
Memer customer demands. Nevertheless, it is to be remembered 
that one SERVMART resupply action will probably result in 
many relatively cheap customer resupply actions which would 
have otherwise been placed on the NSC directly and thereby, 
have increased the parent NSC workload many-fold. For this 
reason, it seems inconsistent with the establishment of 
SERVMARTS to place a specific constraint on the number of 
SERVMART resupply orders, provided an economic order policy 


has been instituted. 


A. MODEL 1 

Mmamrnere Were mo umMeertainty concerning customer demands 
av a SERVMART, it would be a simple matter to formulate a 
model to minimize the variable operating costs subject to a 
POnsuraint on average inventory investment. Of course, 
Mmeree would be no lost sales costs for if demands were known 
with certainty lost sales could be avoided. When developing 
an economic order policy on the basis of certainty of demands, 
Mremonoject is to minimize the costs of ordering and holding 
items to satisfy customer demands subject to a dollar limit 
on the average value of that inventory. Following the 
development of Hadley and Whitin [Ref. 3], the problem is 


stated as: 


10 











N r. N C,Q, 
minimize jee? a + T ¢£ 5 
i=1 “i j=l] 
N OQ, 
SUD Cel sue 3 5 < B 
c= 


Using the Lagrangian technique to solve this problem gives 


MiemOoLvimal order quantity for item i as; 


on 
—- ._ Ee _-)~2 
» 


© 

ad 
a 
js 


imemreorder point is simply the expected leadtime demand. 
A detailed derivation of this model is presented in Appendix 
A. 

Note that neither the Lagrangian wei lie mor the 
Mme mcGOory carrying charge appear explicitly in the equation 
nor Q5° In many inventory systems of this type, the inven- 
tereveecarrying charge is the most difficult parameter to 
mecemmain With any degree of accuracy. However, since the 
Eormummation of this model is the same as the formulation of 
the Wilson EOQQ model except for the inventory investment 
constraint, it is possible to obtain an imputed inventory 
carrying charge by comparing the two models. The reorder 
Quantity formula of the Wilson EOQ model, for a particular 
femme Of the inventory carrying charge, will yield values 
of Qs equal to values obtained from the reorder quantity 


mormula of this model. The imputed inventory carrying 


Id 





charge is determined by equating the two reorder quantities 


eae solving for I as follows: 


2B i aL 
y (A,C,)* 
fea - 
vere lding 
N 5 

; mre.) 
r = (Ay j=] - t 

2 B 


ame riumerical value of this imputed inventory carrying 
Seeree 1S often Significantly higher than the value of I 
determined empirically or estimated. This suggests if this 
meaer 18 applicable, the inventory investment constraint 
maveepe COO binding thus forcing the opportunity cost portion 
mmmemie carrying charge to be much higher than ordinarily 


expected. 


Bem MODEL 2 

The preceding model was based on an assumption that 
Memeanas over time are deterministic, but this is seldom the 
case in reality. Rather, demand for item i during a time 
interval of length t is a random variable which is assumed 
to be described by a normal distribution with mean At 
and variance rc ir Che sSeCenastc models swale 10love 
For the lack of sufficient demand data from the SERVMARTS, 


Some assumption about the distribution of demand is required. 


We 





Various studies have shown that the demand processes are 
often best described by some member of the family of compound 
Bemsson distributions. However, for high end mederave Gemand 
mame. che reorder Guanuuyecomeerer mined by  URe weompouna 
Poisson distribution has been shown [Ref. 4] to be closely 
ene ximated by the reorder level which is determined by 
Wem Che normal distribution having the same mean and 
Pemeromeec. in fact, the difference in the two reorder Tevels 
memeety exceeds one. Hurthermore, the use of the normal 
distribution for these moderate and high demand items is 
@onsascent with current Navy regulations. 

Pmeapproximate, but practical and intuitively appealing, 
unconstrained mathematical model to determine a (Q,r) policy 
Dbasea on economic considerations involving lost sales has 
been developed by Hadley and Whitin [Ref. 3] for a single- 
ieem inventory. Under the assumptions above, the formulation 
may be easily modified to account for a multi-item inventory 
micomewosconstraint on the value of average inventory invest- o 
ment. The objective is to minimize the sum of ordering costs, ( 
molding costs, and OSes of lost sales subject to a limit on ¢ 
the dollar value of investment in average inventory. Mathe- 


matically this model is formulated: 


N rs N Q. rs 
minimize AZT =~——+I1I £2 C,(—tr.-yu,) + © (I1C,+1——)W 
p=1°%4 t=1 1 o 2 Vaal t=1 i Q. at 
N Q. 
subject to re “ PAs us) < B 


des 





This formulation has been derived in detail in Appendix A 


and leads to a solution where: 


2h, CA + Wy 
Oo. | aocameaci aL: 
i C. ie 6 


and 


oW, co C.Q,(1 + 6) 
Ts f 6,09, ) 49, = Fe Q- sa 
ai Ril erat af 


Os 





where 6 is a Lagrangian multiplier and 


W, = (uy - Py): fo, ly, )dy, + 956,50 
r,-h. a 

ab ae 
Oo 


Baie 





=) 





a 
At first glance it may appear that this model presents 


an implementable solution where the optimum values of Qs and 
r, are obtained by an iteration process similar to that 
Suggested by Hadley and Whitin. The Lagrangian multiplier 
must be adjusted simultaneously to achieve the budget con- 
memarmtv. in practice 4 solution cannot always be obtained 
for an inventory system composed of many items such that tne 
Peat of a iost sale is known and is the same for alli items. 
The first partial derivative of Ws with respect to rs isa 
probability having a value between zero and one; however, 

it is possible in attempting to meet the budget constraint 


chat 8C.Q, could become larger than TA, thereby allowing 


z 
OW, /or, to become greater than one. Consequently, for this 
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7 
: 





INMegel, Eelther or both of two previous aSsumpvioONns are 0G 
valid: (1) the cost of a lost sale is not the same for all 
items, in which case it may be necessary to empirically 
agetermine a cost of a lost sale for each individual item, 

a formidable task that will not necessarily insure that 

T,A, be larger than 6C,Q, for each item, or C2) tthe erose 
wees indeed the same for all items, then in order vo 
achieve the budget constraint it may be necessary to set the 
€e55 Of lost sales much larger than expected from empirical 
determination. This last approach was used to calculate 
Seeer duantities and reorder points utilizing data from 
three SERVMARTS at NSC San Diego. While Model 2 has the 
desirable feature of providing the best solutions for a lost 
sales formulation, it requires considerable effort to obtain 
Memes 10r 9 and nm which meet the inventory investment 
Sensvraint. 

Another problem area in the above formulation is the 
requirement that the inventory carrying charge be an input. 
While the inventory carrying charge may be the same for all 
tems ‘a aoe VAR? Mvent ory, 2b Can De sagen tic Winpeme als 
to pin-down a vaiue for I. To by-pass this difficulty and 
the difficulty of obtaining proper values of 9 and T as 


discussed above, a third model is considered. 


fee MODEL 3 
As has been previously discussed, customer demands which 


weammey be Satvisijied at thes SERVMARTS ultimately are pialaced 


a) 





memmeone parent NSC increasing its workload. Therefore; 2 


seks reasonable that stockouts at the SERVMARTS should be 


wae tFCO.a minimum in order to provide the most economical 
ema expeditious service to customers. Clearly, the number 
@c lost sales at a SERVMART for any item is a function of 
the reorder point and the number of orders per year is a 
function of the reorder quantity. These ideas can be used 
tO formulate a model Similar to Model 2 where the objective 
mmoo Minimize the sum of the ordering costs, holding costs, 
amemeOstS Of lost sales subject to an inventory constraint 
mocma risk of stockout. Although this model is developed 


in detail in Appendix A, the initial formulation is given 


here: 
N hs N 4 N r. 
minimize AY =~-+I1 ¢£ C,(«+r.-yp.) + CCIC.+t1=-) W. 
451 °y ie 
N A 
subject to (1) £ C.(—+r, -u.) < B 
a Zz aE a 
t=] 
ey) ProbLy, > rs] = 1 -P, Ve 


nis Peaion is the same as that of Model 2, except 
mer tne second constraint. Constraint (2) is an explicit 
statement about the acceptable risk (1-P) of a lost sale for 
an item; that is, the acceptable probability (P) that leadtime 
demand (Y,) does not exceed the reorder point (r,). Bisa jaye 
the assumption that demands may be represented by the reali- 


Zopeonis Ol a2 WOmnal distribucion, this constraint providecrd 
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Memmod Of Gevermimina the reorder leveleieanicepemcemrln acm 


aft 
the reorder quantity, simply by specifying a value for P. 
Semmec the reorder level may be determined explicitly prior 
mamcolving Tor the reorder quantity, the reorder quantity 
Q, can be easily solved by introducing the value for r. 


dt 
into the following formula: 


N 
i. 
‘ (A + mW, ) *[B + C, Cu, _ r.)] 
a, = AGS) < ae 
4 C, N 7 
2 
: [C,A, (A + mW, ) J 


1 


Weve that in this model, as in Model Il, the inventory 
Gemmyane charge does not appear explicitly in the formula 
WONG r, or Q,° The difficulty of determining a value for the 
mreneory carrying charge has been eliminated, as has the 
need to iterate to obtain the optimal solution. Although 
Pees model has eliminated most of the undesirable features 
@meciie Other models, a problem of determining an appropriat: 
value for P remains. Model 2 is considered to produce 
favorable values for Q, and rs for a st@erastrie, Most sates 
Peewee chererore, the value of P that permits Model 3 to 
exhibit results comparable to those of Model 2 could be 
eeenpved aS an appropriate criterion for choosing P. Applying 
these two models to SERVMART data provided by NSC San Diego 
indicates that value of P to be about 0.99. Alternatively, 
Ene choice of P could be left at the complete discretion 


of the SERVMART manager. 


Any 





Vee Ulis 


The models discussed in the preceding section and three 
inventory control methods known to be in use have been applied 
memcatvea from three NSC San Diego SERVMARTS to compute reorder 
moos, reorder quantities, and the number of ordene per 
MeauesOr items in the inventories. Calculations were made 
using the total population of SERVMART C (150 items) and 
SERVMART L (122 items) while a random sample of 200 items 
was used from SERVMART jd (pepulataon of 2000eqtems). Vike 
random sample selected represented about 7% of both the 
population and the average.monthly sales of SERVMART J. A 
Summary of these calculations for Models 2 and 3 has been 
recorded in Appendix B for selected items for the SERVMARTS. 
feso included in Appendix B are the results for selected 
items at SERVMART J as determined by Model 1 and the three 
fetou~ne methods. The three existing inventory control 
methods examined were: 

(1) Method 1 

An average of 30 days stock is maintained for each 
ivem held in inventory. This is a deterministic policy 
where the reorder level is assumed to be equal to the lead- 
time demand and the reorder quantity is 60 days stock. Of 
Semmse for some items, adjustment to the reorder level is 


mecessary to acceunt for the uncertainty of demands. 


18 





(2) Method 2 
ine reorder weve! is assumed “Vemee One=—17 ft siomrias 
sipply and the reorder quantity is given as 30 days stoc 
for each item. This policy clearly meets the NAVSUP budget 
constraint and probably requires no adjustment of the re- 
order level for procurement leadtime is considerably less 
than one-half month. 
(3) Method 3 
this is a stratification model Dasedmon theme 
correlation between dollar sales for items in inventory and 
we numbers of orders per year for those items. The inven- 
wermy 1S stratified as follows: 
(a) “tems havlne at least $400 of sales in six 
months are reordered in quantities equal To 
30 days stock, 
(>) items having less than $60 of sales in six 
months are reordered in quantities equal to 


12 Menvhisestock: 


(c) all other items are reordered in quantities 
CQua evo s  Onvismovock. 


Ms in Method 2 the reorder level is assumed to be one-haif 
Memens Supply. Obviously, there is no assurance that this 
method will meet the NAVSUP inventory investment constraint, 
mmmanaeed for most SERVMART inventories iC will not. 

Based on information supplied by NSC San Diego, the 
parameters in these calculations were set at the following 


values: 


order cost A $10.00 


procurement leudtime TL 0.02 years 


I 





0.15 
$6.00 


inVemwer, Caitreyins charce | 


COStmed ay HOortrsade i 
ineacdition to the value of $6.00) the cost@efa lost salle 
in Model 3 was also set at various values over a range of 
reasonable estimates to conduct a check on the model's 
sensitivity to that parameter. In Model 2, the cost of a 
lost sale was forced to be a value which would allow the 
model to meet the inventory investment constraint. As 
Stated before, P was set at 0.99 in Model 3 calculations 
Summarized in Appendix B. 

A compariseneof the results of applying the above 
models and methods to SERVMART data shows: 

(1) Method 3 produces an inventory control policy 
feeemmresults in the least number of orders per year for a 
Perevtien., but it fails to meet the NAVSUP inventory eect - 
ment constraint. This is always true when most of the SEERV- 
MART inventory is composed of items having less than $400 
feles in six months. 

(2) The Neonenke order quantity models produce 
significantly fewer orders per year for a SERVMART than does 
either Method ; or Mevwhoe 3. This indicates what the number 
pietosues from the parent NSC and the number of receipts at 
SERVMARTS may be considerably reduced if an economic order 
pemucy were instituted rather than Method 1 or Method ed. 
Reduction in the number of receipts at the SERVMART should 


permit faster stowage of items into bins or shelves and 
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allow the SERVMART personnel more time to closely observe 
inventory levels, thereby reducing the number of stockouts. 

An analysis of the results of applying the three 
models of this study to SERVMART data reveals: 

(1) Reorder points, rounded to the nearest home 
number, are 15-20% lower for Model 3 than those of Model 2. 
Raising the value of P narrows these differences, but at the 
Same time it lowers the values of the reorder quantities. 

(2) Reorder quantities, rounded to the nearest 
whole number, for Model 3 are within 10% of those of Model 2. 

(3) Specifying the acceptable risk of a stockout 
mimodel 3 1S in some way equivalent to specifying an addi- 
Semal cost of a 1ost sale over and abOVe  tnemva We ol) i. 
As could be expected, the results obtained by Model 3 are 
insensitive to the value of tT over a range of realistic 
values. Therefore, the difficulty of determining an appro- 
priate value for the cost of a lost sale need not be underté ‘en 
fiery 1S not already known. 

(4) The cope eliees in the resuits obtained from 
Models 2 and 3 are on the order of 15 to 20% for the reorder 
levels and 10% for the reorder quantities. These differences 


memeained consistent over a wide range of procurement leadtimes. 









V. CONCLUSIONS 


A. RECOMMENDATION 


Model 3 is recommended for implementation for the 


following reasons: 


(1) 


“2 ) 


oa) 


(4) 


(5) 


EG produces an inventory control policy meeting the 
inventory investment constraint imposed by NAVSUP 
WhicheMethod Sa@ocS aol GO, Ancmuusresul tome 
considerably fewer numbers of resupply orders per 
SERVMART than Method 1 or Method 2. 


It attempts to account for uncertainty of demands 
weeeh 1S mot explicitily=®fermulated imtoo anywor the 
WesCo wis ene Ike Cre IL. 


Alvhnough the values calculated for the reorder 
levels by Model 3 differ noticeably from those of 
lege 2) sinew icCOLGderm= Olan yd 61 Ca. COs Om Gm ic ig 

ep Drecwaoly. Mitielhetmore. if the assump vLoOm on 
normally distributed demands holds well in actual 
practice, 99% protection against stockouts should 
provide sufficient coverage during a leadtime. 


The divi memiuauackw= ol Ceverminl ne Valves sor cme 
inventory carrying charge and the cost of a lost 
sale may be avoided. 


Human and computer effort is minimized. Model 3 
solves directly for reorder levels and reorder 
quantities using the inventory investment constraint 
as an input parameter; whereas, Model 2 requires 
manual and computer effort to adjust 98 and 7 so 

that the inventory investment constraint may be met. 


B. IMPLEMENTATION OF THE MODEL 


A simple FORTRAN program for Model 3 has been enclosed 


as Appendix C. This program may easily be modified to accept 


input information of a different format and to provide 


pear tional output. 


@e 





PIcnousch Chis program should be able to. accommodare 
almost all SERVMART inventories, there may be inventories 
podeeieare too large. li that situation occurs, a random 
sample of the population may be drawn to serve as the source 
of determining a good method of stratifying the population. 
Ppaaeee tnere is a very high correlation between items sales 
Boome Number of orders per year for those items, the 
results of computing reorder levels and quantities for the 
Sample using this program should suggest ideal reorder 
faemerty break points of the type used in Method 3 that is, 
for some range of sales h. = (exp. no. orders per year)x OQ. 
The reorder levels for all items of the population would 
still be determined by constraint (2) of the model. The 
random sample used in such a stratification procedure should 
jmemecsent the same percentage of the population, sales and 
Budget constraint. 

iieodel 35 s0msany economic model, is implemented there 
may be some minor manual adjustments necessary for relatively 
high cost items Haine relatively nigh demands... The calcu- 
lation of these models may determine reorder quantities, for 
those items, anton are very low and which require resupply 
actions more frequently than a leadtime. It seems reasonabie 
that one would desire to manually adjust these reorder 
quantities upward to cover at least a leadtime's demand even 
though such action results in an inventory which slightly 


exceeds the NAVSUP investment constraint. 


eS 





eo) STOCKING CRITERIA | | 

Yeon implemenvarton wot the recommended models sc ian sal 
iecesscery lor Economic reasons to modify the stocking 
Crmeveria set forth by NAVSUP. In addition to the require- 
ment that a SERVMART item have an average demand of at least 
Pmromuntitos per month over a twelve month period, it would be 
Sensible to impose an additional requirement that items 
mowers a reorder quantity of one be removed from inventory. 
Because of the double-handling involved, a reorder quantity 
of one clearly makes the issue of that item to the end-user 
more expensive than if the end-user ordered the item directly 
from the parent NSC. 

EeeeOurN this paper has briefily addressed criteria for 
removing items from inventory, it does not address the 
maeebiem of determining which items in a parent NSC inventory 
Should be stocked in a system of many SERVMARTS dispersed 
Over a wide geographical area and having a wide range of 
customer demands. In order to utilize the SERVMART system 
Oo the most SCCMCIUC CMEC Ee Uais ston Lemesmould be 


magescigated at a later time. 


24 





APPENDIX A: MATHEMATICAL DERIVATION OF MODELS 


The formulation and derivation of the deterministic 


model (Model 1) follows: 





N A. NG) 
minimize K=A zr = + I = 
1=1 i j=l] 
(order costs) (holding costs) 
N 0,95 
subject tO b 5 = “6 
i=l 


(average inventory investment) 


[temcONnSUPaIMu dS acblve Samec Che ODUudseL COnNStrainu., 
Maeeemon average monthly sales, is so restrictive Ghat use 
Simeceme Wilson EOQ formula is prohibited for expected values 
of the input parameters. Therefore, to determine the optimai 
maieeer quantities for this model, the Lagrangian multiplier 


nemmed is used. The Lagrangiam function is formulated: 


i 

i! 

> 
iss) ae 

| »~ 

je 

“j= 
NO) a 
tmz 


ieee extreme point of K - that is, the optimal value of Q, - 


is the solution of the equations: 
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Q) 


N 
(1-2) ee, ae Te 


QO 


belving Fquation (1-1) for Q. yields 


2A. 
as all 


ik 
Substituting this value of Q, into Equation (1-2) gives 


L 
Cea = 


| a ee 
oo 
je 
ae 
Nw 
x 


i 
B 


L 
Now replacing (I + 6)*% in Equation (1-3) produces the 
desired formula for the reorder quantity 


Qe = 2 eee (2) 


= : LMG 
= (A,C,) 


a, 
tr 2G is desired to determine the value of inventory carrying 
charge which would allow an unconstrained Wilson EOQ formula 
to produce an average inventory investment equal to the 


Peaeet constraint, the following steps are taken to determine 


That value: 
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weeeh yields 


The development of Model 2 follows: 


Q. 
i 


minimize K = A — 
14 j=1 i 


N A. 
Ze 
is 


en 


tims 
> 


I 


(order costs) (holding costs) (lost sales cost) 


TO tas Ba 
& 


Buenrees tO 


(average inventory investment) 


As in the development of Model 1, the constraint is 
eecmmed to be active, and the Lagrangian technique is used 
Peom@ewermine optimal reorder quantities and reorder points. 


Dacewuagrangian function is 


i + [| ¥ ¢ a, ~u.) + 
sy laa iat 


NX N 
y 
Ses i 


rs 
(10, +15) We 
a = ae 


| ts =a 


L=A 
i 


N Q; 
+ ef X C, (+r, -u, ) - BJ 
j=l] 


where for the normal distribution 


co 


Dr cap ills. 
= = Jt ak 
W, CH Oe) — if >, Cy, dy, amice es re 





Z| 





and 


OW oo 
i eee ip o,(y,) dy. 
al 


Os 





O, is the standard deviation of leadtime demand. 


roan, the optimal values of Q. and r, are SiOme lhe eeaimics 


Gueeeomtirst partial derivatives of L: 


AA LC TA,W 6C 





(2-1) La ae ee ee 
3 as 
mr ae FQ? 
XA. We 
(2—2) =< = Ic, + (IC, + mg) sa + OC, = 0 
4 : i i 
N Q 
(2-3) aL _ “ee a 
yy ie C.(a- + ry - Wy) - B= 0 


Solving Equation (2-1) for Q. yields 


Or. (A + TW, ) 
; = ni i‘ 44 


and Equation (2-2) can be rewritten 


Therefore 
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24 C,Q,(1 + 6) 


Ee OLIN eae amenr cea 
r.,-U nites 

ey 

i 





Mimelwcrat Lom process 1s necessary to solve for reorder 
points and reorder quantities since the formulation leaves 
Q@ as a function of r and vice versa. 


Model 3 is developed as follows: 


femamicze KK, the same objective function as Model 2 


Qs 
C.(-3 tr, - uw.) Ss B 


subject to (1) 
1 al al 


tm = 


al 


(2) IE) Se 


i! 
a 


iJ 


Using the Lagrangian technique, the first partial 


derivatives are the same as Model 2 and again 


ax Ch + WW.) % 
aa , ae 


Substituting this into Equation (2-3) 


N C. 2r, (A + mW, ) Ls N 
») — mci me = BR + Lec Cu, oe ) 
j=l 2 C, De. anes, Al TE aL 20 


which yields 
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: Riemer ea 4 sei 
Le = 
Gents = 7 : 
Boat «= Cie) 
{=i eee il 
Substituting back into (2-4) 
1 N 
" (A + mw, )* [B+ C,(u,; - tae) 
ae i=l 
E C(CAg CA + mW) I 


i=l 


Since r, can be obtained directly from constraint (2), 
Q, can be obtained directly from (3-1) by using the value 
Oil: r, as an input. Assuming demands are normally distributeed, 
Values for the reorder points are obtained from constraint 


2emes follows: 


Foe este = FP 
- ¥, -— uw, 1 ron BE 
Prob [=——=- < 4+] = P 
1 2 
esteem 2 
ae OI J =P 
al 
ee = Wok ZO 


ere EP 1S Ulam valve Weech 1S excecdedw uy sas tanc@meayaieicesre 


meaavineg Che @seamcard normal Gistribution With probabpliacy r 
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APPENDIX B: SUMMARY JOP SRE SURES 


Whe models developegein this thesis were app atedur.e 
data from three SERVMARTS at NSC San Diego, and the 
following four pages records the results of selected items 
honmmeomnparavive purposes. The values of the fixed 


parameters, for these results, were: 


order cost A = $10.00 
inventory carrying charge T° s— OES 
procurement leadtime TL = 0.02 years 


$6.00 and $0.00 


COSbOLl a Hoscue sale (ineModel 3 en 


acceptable risk of a stockout 1-P = 0.01 


itemeoval number of orders and average inventory investment, 
fiemeeche total population of SERVMARTS C and L and for the 


Sample of SERVMART J, are given for each model. 


Sak 
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APPENDIX C: A FORTRAN PROGRAM OF MODEL 3 


The FORTRAN program used to determine reorder points 
and Peo ndens quantities for Model 3 is given below. This 
program was written to accept data of the format provided 
by NSC San Diego, but it may be easily changed to accept 
a different type of input data. 

Variable names used in the program are defined as 


fellows: 


SERV CL) the SERVMART considered 

FSN(I) the Federal Stock Number of item i 
MPRICE(I) the Unit cost of item i 

VALUE(T) the annual sales of item i 

DEMAND(I) the annual demand Berciilen i 

Sry (I } the reorder quantity of item i 

R(T) the reorder point of item i 

ORDERS(I) the number of orders per year of item i 


ORDS the total number of orders per year for 
all items in the inventory 


VALIN PeeMcmaverarte Value Of Vhelanventory., samce 
the reorder points and reorder quantities 
have been rounded to the nearest whole 
MUMCeY eS Vins Sua cheek VO Seer at the budacs 
constraint has been met. 

NDTRI is a subroutine package held in the IBM 360 source 
library at the U.S. Naval Postgraduate School. The input 


GO tne subrReutane is P the cumulative normal probability, 


and the outputs are X the standard normal deviate, D the 
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density function value at ~ and IE an verrer code nace ovaas 
whether P is between zero and one inclusive. 


The FORTRAN program is: 


REAL * 8 FSN 
DIMENSI@N ISERV(N),FSN(N),UPRICE(N) , VALUE(N) ,DEMAND(N), 
ieOiaecon RN), OnDERoiN) ,CCe nN 
N=number of items in the inventory 
B=value of the budget constraint 
TL=procurement leadtime 
SC=cost of a lost sale 
h=Oraer COST 
P=0.99 
SRDS=0.0 
VALIN=0.0 
DENOM=0.0 
CT=0.0 
Cilia NetGear LER) 
Be Oe =i-N 
Reece MOCO SEY (Tl) SNC) ,UPRECE CE) VALUECH > 
mooO FORMAT( T2 .Fll.0,F5.2,F7.2) 
DEMAND(I)=VALUE(1)/UPRICE(TI) 
VAR=DEMAND (1) *TL 
STD=SQRT (VAR) 
R(I)=X*STD+VAR 
H=(STD#D)-(1.0-P)*(R(I)-VAR) 
CYMA=A+SC*H 
CCC CL )=SORTCCCIA D 
CT=CT+UPRICE(1I)* (VAR-R(1) ) 
DEN@M=DEN@M+SQRT (DEMAND(I) *UPRICE(1)*COMA) 
10 CONTINUE 
DZ 20 I=1,N 
DGE=SQRT (DEMAND( I) /UPRICE(T)) 
SNUM=2. O® DZE*CCC(1)*(BtCT) 
SQTY=SNUM/DEN@M 
mu@gory. ht 0.5) 940 10 500 
TQOTY=SQTY+0.5 
QTY (I) =IQTY 
GZ T@ 600 
S00 OTY Cr) =1.0 
600 @%@RDERS(I)=DEMAND(1)/QTY(T) 
SRDS=SRDS+GRDERS (1) 
VAR=DEMAND(1)*TL 
TREf=h i 0.5 
R(I)=IRPT 
VALIN=VALIN+UPRICE(1)* (QTY (1)/2.0+R(1I)-VAR) 
20 CYNTINUE 
WRETH Ger GG ) 
HPOO” PORE Seb  SERVMART (Ox, ESN? OX. 'URPRMCE 29x. Vr OEes 
2X, (ON won. COTY" OX. "NO CRDERS 0%, A) 


Sh 





2 010 
dil 


1300 


Kk 


‘Oo CO —~ 1 SN 


128 
Jail 
We 


DZ 30 I=1,N 
WRITE(6,1200)ISERV(1),FSN(I) ,UPRICE(I) ,VALUE(I), 


3DEMAND(I) ,QTY(I),@RDERS(I) ,R(I) 


FORMAT (6X ,12,7X,F12.0,5X,F6.2,6%,F7.2,7X,F6.1,5X, 


4FP8.1,5¥,F5.1,8¥,F5.1) 


CONTINUE 
WRITE (6,1300)@RDS,VALIN 
FORMAT('1',3X,'T@OTAL N@. GRDERS',F8.2,10X,'AVE. 


SVALUE YF INVENTORY! ,F10.2) 


Sauge 

END 

SUBRGUTINE NDTRI(P,X,D,IE) 
TE=0 

X=0.99999E+74 

D=x 

IF(P)1,4,2 


ITE=-1 


GZ TZ 12 
IF(P-1.0)7,5,1 
X=-0.999999E+74 
D=0.0 


IF(D-0.5)9,9,8) 

p—a oe 

PASC OL Cy Cb s1b))\ >) 

T=seRi Eo) 
X=T~(2.515517+0. 80285 3*T+0.010328*T2)/(1.041.432788% 


1T+0.189269*T2+0.001308*T*T2) 


IF(P-0.5)10,10,11 

= 2X 
D=0.3989423*EXP(—~X*X/2.0) 
RETURN 

END 
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